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SUMMARY

The response range of Ceriodaphnia affinis and Daphnia magna from the collection of
cultures of the laboratory of ecological and toxicological research of V. N. Karazin Kharkiv
National University to the reference chemical substance K>Cr.O; was determined
experimentally under the conditions of using the OECD methodology “Daphnia sp. Acute
immobilization test, OECD Guideline for the testing of chemicals”. The obtained results of
the experiment became the basis for the inclusion of this method in the set of methods for
establishing the standards - the ecological standards of water quality in Ukraine, in particular
the water quality standards for the protection of the aquatic ecosystem from dangerous short-
term effects of chemicals. Such a proposal is put forward on the basis of an analysis of
modern surface water quality regulation systems in the EU, Canada and the USA. The
implementation of such an approach will make it possible to make management decisions in
the short term to eliminate the critical consequences of exposure to dangerous chemicals
during military operations on the territory of Ukraine.
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Introduction

Military actions always have serious consequences not only for people, but also for the environment.
One of the problems that arises as a result of hostilities is the ingress of toxic substances into the
aquatic environment. In turn, preservation of the environment in such conditions is a key task of
modern times. Therefore, the search for timely response approaches to protect surface water from
hazardous chemicals is urgent and requires research.

Method and theory

The problem of preserving the quality of surface water from anthropogenic pollution by dangerous
chemical substances is urgent for Ukraine. Chemical substances of toxic action represent a special
danger for surface waters.

The main reactions of the aquatic ecosystem to toxic effects develop in three directions: fluctuations
of the main biological indicators of the state of the ecosystem (species composition; number and
biomass of hydrobionts, primary production, oxygen regime, etc.) around some average values
without significant violations of the structure of biocenoses and deep oxygen depression; radical
restructuring of the ecosystem, by changing the structure of biocenoses and changing the dominant
species; complete structural and functional disorganization of the ecosystem, which is represented by
the destruction of primary products, a sharp increase in destruction, oxygen depression, mass death of
hydrobionts, a sharp decrease or cessation of self-cleaning processes (“ecological death”) (Bragins'kij,
Oleksiv, 1995). Therefore, these dangerous chemicals spread toxic properties to the aquatic
environment. Thus, making it unsuitable for the safe existence of hydrobionts, in particular, organisms
specifically sensitive to a certain pollutant.

Long-term studies of the chemical composition of return water from various enterprises of Ukraine
show that heavy metal compounds, petroleum products, nitrogen compounds, phenols and phosphates,
etc., enter the surface water bodies in the majority of quantities. The main sources of their formation
are enterprises of the chemical, mining and oil refining industries, large livestock complexes and pulp
and paper mills.

However, with active large-scale hostilities on the territory of Ukraine, an additional complex of
sources of dangerous chemical substances appeared. Based on the research conducted by various
scientists, the following main groups of the most dangerous chemicals can be identified:

¢ Explosive substances: depending on the explosive activity, substances such as TNT, RDX,
HMX can enter the water and have a toxic effect on aquatic organisms.

e Heavy metals: explosions and gunfire can release lead, iron, copper, and other metals into the
aquatic environment. These metals have the potential to accumulate in bottom sediments and
harm aquatic organisms.

e Residual fuel: a variety of fuel components, including rocket propellants and oils, that can enter
water bodies and contaminate them. (Frost, 2017).

These substances enter the aquatic environment as a result of short-term or long-term military
operations. The main sources of their formation are explosions at ammunition warehouses, nuclear
sites and locations of critical infrastructure. Military remnants of rocket launcher systems, long-range
cruise missiles and ballistic missiles, etc., also have toxic properties (PAX, 2022).

Results

In modern conditions, when the surface waters of Ukraine need protection from the negative effects of
chemicals, it is time to revise and improve the system of surface water quality regulation. The main

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

goal of such changes is to preserve the health of water ecosystems and meet the needs of both the
population and various sectors of the economy.

Based on the analysis of the methods of deriving water quality standards for chemical substances in
various European countries, as well as in the USA and Canada, it is proposed to introduce ecological
standards for surface water quality, taking into account the experience of deriving these standards in
EU countries and Canada, to improve the system of surface water quality standards. These standards
are represented by two indicators, which are aimed at protecting against short-term and long-term
effects, respectively. In Ukraine, standards of maximum permissible concentrations (MPC) are
currently used. They are represented by a single value of the maximum permissible concentration of a
pollutant in the water of water bodies. But in modern realities, it would be more effective and
expedient to apply water quality standards, which are expressed by the two values mentioned above.
Since the standard for protecting the aquatic ecosystem from dangerous short-term effects of
chemicals is becoming relevant. This is explained by the rapidity of assessing the scale of ecological
consequences for the water ecosystem and the implementation of immediate management measures in
case of exceeding the values of this indicator.

These specific surface water quality standards are established using methods to determine the toxicity
of chemicals on a basic set of test organisms. This basic set of test organisms includes the most
sensitive representatives of the main parts of the aquatic ecosystem: crustaceans, microalgae and fish.
Among crustaceans, Daphnia magna, Daphnia pulex, Ceriodaphnia dubia, etc. are usually used to
determine the effective concentration of the chemical being regulated. Daphnia magna is an
international standardized test organism recommended for use by the OECD methodology for
determining the acute toxicity of chemicals. In Ukraine, according to the methodology of DSTU
4173-2003. Water quality. Determination of acute lethal toxicity to Daphnia magna Straus and
Ceriodaphnia affinis Lilljeborg (Cladocera, Crustacea) in addition to Daphnia magna, Ceriodaphnia
affinis is also recommended for use. The suitability of using these test organisms is determined by the
conditions of cultivation, which are regulated by the appropriate methodology. One of these
conditions is the sensitivity of the test organism to the reference chemical substance.

In order to study the sensitivity of Daphnia magna and Ceriodaphnia affinis, the reference chemical
substance K,Cr,O7; was used to conduct tests to determine the effective concentration, which in 24
hours leads to 50% immobilization of the test organisms. Laboratory tests were conducted in
accordance with the OECD methodology “Daphnia sp. Acute immobilization test, OECD Guideline
for the testing of chemicals” on the crustaceans Ceriodaphnia affinis and Daphnia magna from the
collection of cultures of the laboratory of ecological and toxicological research of V. N. Karazin
Kharkiv National University (Krajnjukov, Yakusheva, 2020).

The obtained toxicological data were processed using GraphPad Prizmz 8.0.0 software. First, they
were checked for normal distribution, then EC50-24 K,Cr,O; was determined according to the logistic

model “concentration-response”.

The results of determination of EC50-24 K,Cr,O7 for Daphnia magna are presented in Fig. 1.
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Figure 1 Results of determination of EC50-24 K>Cr>O; for Daphnia magna

The coefficient of variation of EC50-24 K,>Cr,O7 values (CV, %) obtained for Daphnia magna was
28%. We have a high level of reproducibility of results. The response range of Daphnia magna
culture under the conditions of using the OECD methodology “Daphnia sp. Acute immobilization
test, OECD Guideline for the testing of chemicals” follows:

0.74 <EC50-24 <2.62 (mg/dm°).

The results of determining EC50-24 K,Cr,O); for Ceriodaphnia affinis are presented in Fig. 2.
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Figure 1 Results of determination of EC50-24 K,Cr;07 for Ceriodaphnia affinis

On the basis of the obtained EC50-24 values, the sensitivity of Ceriodaphnia affinis to K;Cr,O7 was
investigated - the response range of the specified crustacean culture under the conditions of using the
OECD methodology “Daphnia sp. Acute immobilization test, OECD Guideline for the testing of
chemicals”. The coefficient of variation of EC50-24 K,Cr,O; values (CV, %) obtained for
Ceriodaphnia affinis was 16.8%. We have a high level of reproducibility of results.

The established sensitivity range of test organisms Ceriodaphnia affinis is as follows:

1.46 < EC50-24 <2.92 (mg/dm?).

Thus, as a result of the conducted ecotoxicological research on crustaceans from the culture collection
of the laboratory of ecological and toxicological research of Kharkiv National University named after
V. N. Karazin, their suitability for use was determined according to the OECD methodology
“Daphnia sp. Acute immobilization test, OECD Guideline for the testing of chemicals”. The lower
part of the response was obtained for Daphnia magna culture 0.74 < EC50-24 < 2.62 mg/dm® (for
Ceriodaphnia affinis - 1.46 < EC50-24 <2.92 ). The variations of the evaluation coefficients obtained
for Ceriodaphnia affinis (16.8%) are smaller than the variations of the evaluation coefficients

obtained for Daphnia magna (28%).
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Conclusions

Military operations can lead to critical contamination of aquatic ecosystems with dangerous
chemicals. Therefore, it is necessary to look for ways to improve the surface water quality regulation
system for immediate response and elimination of the consequences of hostilities. One of these ways
can be the approach of applying water quality standards of chemicals in accordance with the practice
of EU countries, Canada, and the USA. In particular, the water quality standard to protect the aquatic
ecosystem from the harmful short-term effects of hazardous substances is gaining relevance for
application. They are established using methods for determining the toxicity of chemicals on
crustaceans, microalgae and fish.

To determine the suitability of cultures from the collection of cultures of the laboratory of ecological
and toxicological research of V. N. Karazin Kharkiv National University for conducting research on
the determination of the toxicity of chemical substances and deriving water quality standards using
the OECD methodology “Daphnia sp. Acute immobilization test, OECD Guideline for the testing of
chemicals ” the response range of Ceriodaphnia affinis and Daphnia magna to the reference chemical
K>Cr,07 was experimentally determined. The obtained results of the experiment became the basis for
the inclusion of this method in the set of methods for deriving the standard - the ecological standard of
water quality in Ukraine. Their observance will protect the aquatic ecosystem and meet the needs of
society and economic sectors in the light of modern challenges.
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